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Introduction
At the Savannah River Site (SRS), plutonium is routinely measured by controlled-potential coulometry using an SRS-designed controlled-potential coulometer that was fabricated by the Savannah River National Laboratory -Engineered Equipment & Systems (SRNL -EES). Plutonium measurements are performed on pure or purified plutonium samples and standards in accordance with the international procedural standard ISO 12183:2005.
7 Neptunium is also measured by controlled-potential coulometry using a similar procedural protocol. However, plutonium has not been measured in the presence of neptunium above the trace-level quantities that are present as daughter products from the decay of the low abundance 241 Pu isotope. The potential impact of neptunium on the coulometric measurements of plutonium is of interest to WSRC International Nuclear Nonproliferation (INN) programs. This WSRC program provides MPC&A support to the Russian nuclear processing facility in Zhelesnogorsk (formerly Krasnoyarsk-26, K-26), which occasionally measures plutonium in the present of up to 10% neptunium versus the plutonium concentration. The technical staff at the Analytical Laboratories was requested to determine the magnitude of any interference from neptunium on the routine SRS coulometric measurement of plutonium and if possible to identify any modifications to the routine methodology to eliminate the interference. This information will then be used to the extent possible to aid the laboratory at the Zhelesnogorsk facility when they periodically perform key accountability measurements on mixed plutonium-neptunium streams.
Methods or Approach
Plutonium aliquots were prepared from dissolved plutonium metal in a solution of 3 M Nitric acid -1 M Hydrochloric acid. Each solution aliquot contained nominally fifteen (15) milligrams of plutonium, prepared on a mass basis with an uncertainty of ~0.01%. Plutonium aliquots were dispensed into glass coulometric measurement cells that each contained the desired quantity of dried (fumed) neptunium sulfate prepared from a purified neptunium spike solution. Plutonium solution aliquots were then twice fumed to dryness in sulfuric acid. All coulometric assay measurements were performed using the routine plutonium measurement method in 1 N (0.5 M) sulfuric acid supporting electrolyte.
Assumptions
Only a reasonably pure neptunium spike solution would be suitable for this study. The neptunium spike solution had been prepared from dissolved neptunium oxide solid produced at the Savannah River Site. The solution had been purified in the laboratory and analyzed to verify its purity and concentration were suitable as a spike solution for this application. Results from the measurement of the purified neptunium spike solution are included in Appendix 3. Based upon knowledge of neptunium chemistry and the sequence used in the laboratory to dissolve and purify the neptunium oxide, this spike solution was anticipated to have neptunium in the Np 4+ , NpO 2 + (Np 5+ ), and NpO 2 2+ (Np 6+ ) oxidation states, and thus assumed suitable to evaluate the potential interference from all of these neptunium ions on plutonium coulometric measurements.
This study was designed to test the potential interference of neptunium on the SRS routine method for coulometric measurement of plutonium. Sample preparation and measurement parameters were intentionally not adjusted to improve control of the neptunium oxidation state or otherwise ensure the oxidation of Np 4+ ions prior to the plutonium measurement step. This study was designed to test the assumption that the reversible NpO 2 2+ /NpO 2 + red/ox couple and the Np 4+ ion would not interfere significantly with the plutonium electrolysis in sulfuric acid supporting electrolyte.
Discussion
This study is limited to reporting observed results from the coulometric measurement of plutonium aliquots using the routine SRS coulometric assay method on aliquots containing 0-10% added neptunium.
This report also documents the purity of the neptunium solution used to spike plutonium aliquots with the different levels of neptunium studied.
The reader is referred to a study of the coulometric measurement of plutonium in the presence of a second reversible couple (iron or neptunium) in nitric acid supporting electrolyte for related information. 8 In the nitric acid supporting electrolyte, neptunium interferes, but the interference can be quantified electrochemically during sequential plutonium measurement and corrected. This study evaluated neptunium interference in nitric acid supporting electrolyte for solutions with a Pu:Np ratio of 50:1, or greater, i.e., a maximum of 2% Np versus Pu.
Results
Results for this study are provided in Table I , below. Only a small interference, if any, had been anticipated prior to conducting this study. The observed magnitude of the interference from neptunium on the routine coulometric assay of plutonium was greater than expected. Table I . Controlled-potential coulometric measurements of plutonium
In the plutonium coulometric measurement as performed by the Savannah River Site, plutonium samples are first pre-oxidized at 0.70 V vs. the saturated calomel electrode (SCE) to an electrolysis current of 250 μA and then reduced to a final solution potential of 0.31 V. vs. SCE in preparation for the measurement step. It was believed that any neptunium originally present as Np 4+ would have been oxidized to NpO 2 + (Np 5+ ) oxidation state prior to the plutonium measurement step during final oxidation, and would not have interfered. Most of the results support a conclusion that Np 4+ is producing the increased random uncertainty.
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Results, continued
Most of the plutonium measurements when neptunium was present resulted in higher than expected recoveries, which matched the model for Np 4+ error source. However, the four plutonium measurements with neptunium at a Pu:Np ratio of 10:1 yielded an unexplained low recovery of -0.33% with a 0.18%, 1-sigma random uncertainty. This anomaly will also be investigated when further studies are performed.
The controlled-potentials used to reduce and oxidize plutonium in sulfuric acid supporting electrolyte are 0.25 V and 0.70 V vs. SCE, respectively. After the control-potential adjustments technique is used to complete the sample electrolyses, the final reduction and oxidation (red/ox) solution potentials are typically 0.31 V and 0.68 V vs. SCE (measured with an uncertainty of ±0.0005V, 1-sigma measured with an uncertainty of ±0.002 V, 1-sigma). Given these final solution potentials and formal potentials, the fraction electrolyzed for Pu, Np, and Fe are expected to be 0.9984, 0.002, and 0.987, respectively. The interference from iron is nearly quantitative and can be corrected based upon an independent measurement of iron by spectrophotometry or inductively coupled plasma mass spectrometry. The anticipated interference from the NpO 2 2+ /NpO 2 + couple should produce a +0.02% systematic error for plutonium samples containing neptunium at 10% of the plutonium concentration. This systematic error decreases as the neptunium contamination decreases.
The Savannah River Site also performs controlled-potential coulometric measurement on neptunium samples for material control and accountability purposes on a routine basis. Then dissolved neptunium oxide samples are measured by controlled-potential coulometry, each aliquot is reduced and oxidized several times to ensure that all Np 4+ that is present has been oxidized and all of the neptunium is in the desired oxidation state, NpO 2 2+ or NpO 2 + . When measured coulombs of electricity during sample oxidation from the preliminary electrolyses steps are calculated, the neptunium results are typically biased high due to extra electrolysis current from the oxidation of Np 4+ to NpO 2 2+ . Once all the neptunium has been converted to NpO 2 + and NpO 2 2+ , the subsequent coulometric measurement of the neptunium matches, within measurement uncertainty, the expected assay value based on the stoichiometry of the neptunium oxide and its impurity content.
Further investigation will evaluate the effectiveness of:
• Repeating the plutonium sample measurement sequence on the same aliquot to determine if any Np 4+ present in the aliquot can be converted to NpO 2 2+ and NpO 2 + during the first measurement sequence and thereby eliminating the interference during the second measurement.
• Lowering the end-point current for the sample pre-oxidation step well below the 250 μA acceptance criteria, thereby providing more time to oxidize Np 4+ during this pre-oxidation step.
• Using a combination of high concentration nitric and sulfuric acid (stronger oxidizing mixture) when fuming the Pu:Np aliquots to dryness as sulfate salts in preparation for coulometric measurement. This strong fuming sequence may be repeated as needed, with the objective of selectively oxidizing the Np 4+ .
Impact and Limitations
Conclusions regarding the causes for elevated random error in the plutonium measurement are limited to scientific judgment and speculation that have not been tested or otherwise demonstrated. Such testing is planned and will be reported. The scope of the evaluation was initially limited to aliquots with a maximum Np:Pu concentration of 1:10 (i.e., 10% Np versus the Pu content).
The method development plan (MDP) that was written to control the chemical and radiological safety boundaries of the measurement activity reported herein would have allowed an Np:Pu concentration of 1:5 (20%) to be tested, if desired. All work control documents (MDP and analytical procedures) had been screened by the laboratory facility engineering organization using the Unreviewed Safety Question (USQ) process based upon the DOE-approved safety basis and authorization agreement for the SRS FH-Area Laboratory. All planned activities described herein were approved prior to beginning any measurement activities. The method development plan and technical task request documents are included in the Appendices section of this report. Cited procedures are available through the SRS Record Management organization.
Conclusions or Recommendations
The presence of neptunium in plutonium aliquots significantly increased the random uncertainty and outlier rate associated with the plutonium coulometric measurement performed in accordance with SRS procedures and ISO12183:2005. However, the presence of neptunium does not appear to degrade electrode performance and conditioning as evidenced by results from aliquots of pure plutonium that were interspersed during the measurement of the mixed Pu:Np aliquots. The pure plutonium aliquots at both the 6-mg and 15-mg levels continued to achieve the historical short-term random uncertainty for the routine coulometric measurement method at these levels.
Lack of adequate control of the neptunium oxidation state during the plutonium aliquot preparation and measurement steps is suspected to be the cause of the elevated random uncertainty. This potential source of plutonium measurement uncertainty will be pursued in a future study. The purification of the neptunium involved converting the neptunium to the Np 4+ oxidation state in preparation for column purification. However the single fuming of the neptunium spike in sulfuric acid before adding the plutonium aliquot and the single measurement of the plutonium content without attempting to eliminate Np 4+ by electrochemical means appears to be less than adequate at ensuring satisfactory plutonium coulometric measurement results.
